Introduction
Growing attention has been focused in psychiatry on the possible use of biochemical tests as aids in the diagnosis of mental illness. Recently it has been suggested that the metabolism of epinephrine and other amines may be altered in schizophrenia. Akerfeldt (1) , for example, has claimed that the fresh blood serum from mentally-ill patients has the capacity to oxidize N, N-dimethyl-pphenylenediamine (OPP) more rapidly than fresh serum from healthy control subjects. He suggested that this increased oxidizing activity of the patient's serum was probably due to an increase in the level or activity of ceruloplasmin (a copper-containing enzyme) in the patient's serum and a decrease in the ascorbic acid content. Ascorbic acid was identified as accounting for 95% of the substance in serum capable of reducing the oxidation of OPP. Akerfeldt, as well as most other workers, noted that the OPP oxidation test is not specific for mental disease.
Three subsequent papers have a direct bearing on the usefulness of the Akerfeldt test as a diagnostic aid in psychiatry. The first of these is a detailed study by Horwitt et al. (6) who concluded that the test is of very limited use in evaluating mental illness. The importance of nutritional controls was emphasized and a test described by Ravin, which involves a 60 min. incubation period as an indirect control of ascorbic acid, was suggested as superior to Akerfeldt's standard procedure.
A further analysis of Horwitt's data, however, revealed that statistically significant differences did exist between his patient and control groups in the Akerfeldt test results (:x: 2 = 4.09; P < .05) and ascorbic acid levels (:x: 2 = 4.16; P < .05), but not in the Ravin test or serum copper values.
It was further determined that the Akerfeldt values were inversely related to serum ascorbic acid (r = -.523; P < .01), but that the Ravin test values are not so related (r = .037; P > .05). However, the Akerfeldt ably due to the patient-control difference in ascorbic acid. This of course, is in keeping with Horwitt's major conclusions. The low but statistically significant correlation of the DPP oxidation test results to age is unexplained. This same trend was found in the data of the present experiment and a further analysis of data presented by Scheinberg et at. (8) revealed a significant correlation (r = .410; P < .01) between age and direct measurements of serum ceruloplasmin content.
These authors, comparing direct measurements of ceruloplasmin concentration in 20 schizophrenics and 20 normals, found significant mean patient-control differences in this variable but considerable overlap between groups. However, since serum ceruloplasmin concentration is significantly correlated with age, and the patient group in this study tended to be older, the significance of the obtained mean difference is questionable. It should also be noted that a statistically nonsignificant trend was apparent in Horwitt's data for age to be correlated with plasma copper (r = .244), 95% of which is contained in ceruloplasmin (4).
A third paper by Aprison and Drew (2) reported a failure to reveal significant differences between schizophrenic and non-schizophrenic children in the optical density, slope or lag period of the Akerfeldt reaction.
In contrast to these generally negative results, Friedhof (3) has found substantial normal-schizophrenic, Akerfeldt-reaction differences. He also has noted that feeding schizophrenic patients ascorbic acid tends to make their Akerfeldt tests more "normal". Zeller and Cleghorn (11) have also reported some positive results.
The present study was undertaken to provide additional data in terms of which the practical psychiatric use of the Akerfeldt test might be evaluated. Special features of this experiment include: (1) very careful matching of patients and controls with respect to age and sex (2) a refinement of the usual patientcontrol dichotomy by the use of a battery of psychological tests (3) selection of the patient sample to provide age-sex balanced groups of two different diagnostic entities (4) elimination from the subjects of the study any persons with significant somatic illness.
It was not possible, unfortunately, to institute control of the ascorbic acid intake of our subjects or to measure their serum ascorbic acid levels. We felt, however, that our institutional diet was adequate in this substance.
Method

A. Subjects: Group I
The Ss in this group were 8 male and 8 female patients who were matched for age, with 8 male and 8 female ward staff who served as control Ss. Eight patients were diagnosed as suffering from paranoid schizophrenia and 8 were catatonic schizophrenics. Each of these diagnostic categories was represented equally by sex. All Ss were carefully selected from larger numbers so that all were English-speaking, had Grade 8 education or better and were between the ages of 25-55. No S was suffering from any somatic disease and all patients used were taken off any form of treatment well in advance of the testing procedures.
Group II An additional group of 16 patients and 16 controls was selected in the same way as Group I except that the criteria of age limits, education and language were not required.
The age and educational data on Groups I and II are presented in Table 1 . 
Akerfeldt Test
The fasting blood samples, collected in vacuum tubes, were treated according to Akerfeldt's original procedure. One and a half c.c. of a fresh solution of 0.1% N, N-dimethyl-p-phenylenediamine dihydrochloride (DPP) were a~ded to 1.5 c.c, of serum. Optical density was read on a Leitz Photoelectric Colorimeter, "zeroed" with a water blank and using filter "A". Readings were taken each minute for 10 min. both with a reagent blank made of 1.5c.c. of water and 1.5 c.c, DPP and a serum blank made of 1.5 c.c. serum and 1.5 c.c. water. (The above procedure was also used with the Coleman Jr. Spectrophotometer, "zeroed" with a water blank and set at a wave length of 550, when subsequent checks of the Leitz machine and our laboratory procedures were conducted).
Psychological Tests
Immediately after the blood samples had been taken all Se in Group I were given a battery of psychological tests. These tests were: the Vocabulary and Block Design subtests of the Wechsler Adult Intelligence Scale (WAIS); the Bender Gestalt (BG) test with a memory section (BG Mem); the Tendler Word Association Test (T'l to T5) and the adult's and children's version of the Differential Diagnostic "Technique (DDT and CDDT). These latter tests are drawing tests which, for the purpose of this experiment, were used as a refinement of the BG.
These tests produced 11 scales all measuring different aspects or dimensions of ego control or mental health. The DDT, CDDT, BG Z and BG RI scores are derived by objectively scoring the distortions present in a subject's attempt to copy relatively simple geometrical designs or figures. The BG Memory score (BG Mem) is simply the number of recognizable figures a subject is able to reproduce from memory immediately after having copied the nine BG designs.
Variables T'I to T5 are subscores derived from the Tendler Word Association Test. 'Tl is the number of uncommon associations given in response to the 25 stimulus words. T2 is the number of delayed reaction times (in excess of 3 sec.). T3 is the number of failures to recall the association given upon first presentation of the stimulus words. T4 is the number of noun-adjective or adjective-noun combinations in the stimulus-response pairs. T5 is the number of Vol. 5, No.1 "contrast" responses, e.g. black-white. The W AIS IQ is a figure derived from pro-rating a S's scores on the Vocabulary and Block Design subtests of W AIS. Table 2 illustrates that of the 11 variables derived from the test battery, 6 gave rise to statistically significant patient-control differences in the predicted direction. The other 5 were in the expected direction but did not reach the usual significance levels. In general, it was quite apparent from test data that our samples of Ss were drawn in such a way that great differences in mental health existed between them (10).
Results
Psychological Tests
Akerfeldt Test Results
Curves describing the 10 min. time course of the Akerfeldt, serum-blank reaction are shown in Fig. 1 . Curves of similar shape were obtained using a reagent blank.
Each point on the upper two curves is the mean value for either 32 patients or 32 controls. Each point on the lower curves is the variance of the corresponding mean.
The stability of the curves for each S over the 10 min. period is indicated by the following correlations: 1 min. values with 3 min. values, r = .936 (N = 64);
. 3 min. values with 5 min. values, r = .969 (N = 64), and 5 min. values with A finding of note is that serum density is correlated -.794 (p < .01) with the 10 min. Akerfeldt (reagent blank) values. This is reflected in the fact that the 1 min. Akerfeldt values taken with a reagent blank correlate only .510 (N = 64), with the l-min, Akerfeldt values taken with a serum blank.
A comparison of I-min. Akerfeldt, serum-blank values of the 32 patients and 32 controls produced a t value of 1.03 which is not statistically significant. A correlation of a composite mental health score derived from the psychological test battery with the 3-min., Akerfeldt, reagent-blank values also did not reach usual statistical significance levels (r = .097; N = 32).
A comparison of the 6-min., Akerfeldt, reagent-blank values for the 16 paranoid and 16 catatonic schizophrenics yielded a non-significant t value of 0.111. The 6-min., Akerfeldt, reagent-blank values of the 18 patients who had hospitalized for more than 3 years were compared with the corresponding values of 14 patients hospitalized for longer than 3 years and the resulting t value (0.533) was not significant. A correlation of age against 3-min., Akerfeldt, reagent-blank values, however, turned out to be .297 which is significant at the 5% level of confidence.
Discussion
In general the results of this experiment are consistent with those of other investigators working with the Akerfeldt test. However, because other studies have turned up some positive trends and statistical, though not practically useful, 6 CANADIAN PSYCHIATRIC ASSOCIATION JOURNAL Vol. 5, No.1 differences between patient and non-patient groups, we felt that some additional checks on our laboratory procedures were in order.
One possible explanation of our negative findings could have been that we used a Leitz colorimeter instead of a spectrophotometer. As a check on this possibility, the Akerfeldt test was repeated on a group of 31 new Ss and readings were taken on both the Leitz Colorimeter and a Coleman Jr. Spectrophotometer. The 6-min. values from the two machines correlated .891, indicating that our negative results could not be attributed to our use of the Leitz Colorimeter.
A second possible source of error was suggested by Dr. A. Friedhoff (personal communication). This involved the possibility that the ascorbic acid in the serums might have oxidized before the tests were made. To check this possibility a further series of tests were done on 15 Ss in which blood samples were refrigerated immediately after being taken in vacuum tubes and were brought to room temperature less than one half hour before conducting the test. The mean curve for this group of Ss possessed the same characteristics as that of the original study, i.e., as in Fig. 1 . It seemed, therefore, that the premature oxidation of ascorbic .acid could not explain our negative results.
Summary
Comparison of DPP oxidation curves of carefully-matched groups of schizophrenics and controls failed to reveal statistically significant differences. DPP oxidation is unrelated to mental illness per se, sex, length of hospitalization or differential diagnosis; it is related significantly to age and serum density.
These results suggest, in agreement with Horwitt, that the Akerfeldt reaction in its present form is so easily contaminated by nutritional and other artefacts as to render it useless as a practical aid in psychiatric diagnosis.
